We cloned XYL1, a Scytalidium acidophilum gene encoding for an acidophilic family 11 xylanase. The XYL1p protein was expressed in Pichia pastoris using the pPICZA expression plasmid. The secreted protein was purified by TAXI affinity column chromatography. The purified XYL1p showed an optimum activity at pH 3.2 and 56 C. The Michaelis-Menten constants were determined.
Xylan is the major component of hemicellulose in both hardwoods and softwoods. It is a heterogeneous polysaccharide composed of -1,4-linked D-xylopyranoside residues. 1) Endoxylanases (EC3.2.1.8) are glycosyl hydrolases that cleave the -1,4-D-glycosidic linkages in xylan. Xylanases are classified into two groups: family 10 and family 11.
2) Family 10 xylanases have molecular masses greater than 30 kDa and a ð=Þ8 barrel fold structure.
3) Family 11 xylanases have a lower molecular mass of around 20 kDa and an all -sheet structure resembling a partly closed ''right hand. 4) Xylanases show great potential for several industrial applications. 5) They could improve the bleaching of pulp by facilitating the release of lignin from paper pulp, thereby reducing the amount of chlorine needed for bleaching. 6, 7) Other applications are to decrease the viscosity of feed, 8) to modify the characteristics of dough, 9) and to improve the clarity of juices. Many different microbial genera, ranging from bacteria to fungi, have been found to produce one or several xylanases. 10, 11) Here we describe the cloning and expression of the family 11 xylanase gene from the fungus Scytalidium acidophilum. 12) This fungus was first isolated in acid waters (pH 2.0) from an uranium mine. Its capacity to grow in shaken cultures at extreme acidity and high temperatures 13) suggests the secretion of acidoand thermophilic secreted enzymes, conditions observed in some industrial applications.
We attempted to isolate a xylanase gene from S. acidophilum (ATCC 26774) by screening a genomic library with a specific probe. To obtain the probe, we designed four degenerated 5 0 primers corresponding to the catalytic domain and four degenerated 3 0 primers corresponding to the conserved region located 200 to 300 bp downstream based on amino acid sequence alignment. Using these primers, PCRs of S. acidophilum genomic DNA obtained with the Wizard Genomic DNA Purification Kit (Promega, Madison, WI) were performed. One pair generated a fragment of about 230 base pairs, which was purified and sequenced. An extensive search with the partial protein sequence encoded using the BLAST software 14) showed strong similarity (80%) with several family 11 endoxylanases already described. 15, 16) Specific primers were designed from this fragment as follows: upstream, 5 0 -GCGGAA-TACTACATCGTTG-3 0 ; downstream, 5 0 -CCAGTAG-GCGAAATGGTTGC-3 0 . These were used to amplify a 226 bp autologous probe from genomic DNA.
An S. acidophilum library was obtained by partially digesting genomic DNA with Sau3A and inserting it in the plasmid pUC18 digested with BamHI and dephosphorylated. A library of 38,000 independent clones was obtained. Sixty percent of the clones were recombinant. This S. acidophilum genomic library was screened with the 226 bp specific probe. The probe was 32 P-labeled with a random primer oligo DNA labeling kit (Invitrogen, Leek, Netherlands). Filters were pre-hybridized for 1 h at 65 C in a pre-hybridization solution (5 Â Denhardt's solution, 4 Â SSC, 0.1% SDS, 100 mg/ml denatured thymus DNA) and then hybridized for 16 h at 65 C with the radioactively labeled probe. The filters were washed twice in 2 Â SSC, 0.1% SDS at room temperature for 15 min. The hybridization signals were detected by autoradiography. One positive clone, pSA2, was shown to contain a 3,200 bp insert with a xylanase sequence. A 1,014 bp sequence was determined on both strands by primer walking. From the nucleotide sequence, a 673 bp split open reading frame (a 55 bp intron was present) coding for a 205 amino-acid polypeptide y To whom correspondence should be addressed. Fax: +32-81-724297; E-mail: isabelle.housen@fundp.ac.be (Genbank/EMBL/DDBJ accession no. AAQ22691.1) was identified (Fig. 1) . A search for homologous sequences through screening of the NR Database with the BLASTP program 17) revealed that the protein sequence deduced corresponds to a family 11 endoxylanase (69% identity and 81% similarity with Xyn 1 of Aspergillus niger).
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To express the XYL1 gene in Pichia pastoris, both exons were amplified separately by PCR with the following primer pairs respectively: first exon upstream:
0 . They were cloned in the pPICZA expression vector (Invitrogen). The resulting plasmid yielded expression of XYL1 in fusion with the yeast invertase export signal sequence under the control of the AOX1 inductible promoter. The sequence was checked by sequencing. The wild-type strain X-33 of P. pastoris was transformed by electroporation with the pSA4 plasmid linearized with the SacI endonuclease. Integration was checked by PCR on 10 transformants (all were positive). Four transformants were screened for xylanase activity in a 5 ml culture analysis. Aliquots of the supernatant culture obtained at different induction times (5, 21, 28, 45, 54 , and 60 h) were assayed for xylanase activity measured using beechwood xylan (Sigma-Aldrich, Belgium) as a substrate. Sixty ml of diluted enzyme solution were mixed with 440 ml of 4% beechwood xylan in a 50 mM citrate buffer, pH 3.5, and incubated at 50 C for 10 min. After incubation, the reaction was stopped by placing it at 100 C for 5 min. The reducing groups released were measured by the 3,5-dinitrosalicylic acid method using xylose as the standard. 18) Xylanase activity was expressed as mmol of reducing sugar formed per min. Xylanase activity increased over time in all clones and was significantly different from that of the control.
We chose the most productive clone as the xylanase P. pastoris strain, with which we inoculated a 200 ml culture in inducible BMMY medium (1% yeast extract, 2% peptone, 1.34% YNB, 0.5% methanol, 4 Â 10 À5 % biotin, 100 mM potassium phosphate buffer, pH 6). After 96 h of methanol induction, the supernatant was obtained by centrifugation at 5,000 rpm and loaded on the TAXI affinity matrix 19) at a flow rate of 1.0 ml/min. The bound endoxylanase was eluted with 250 mM Tris buffer, pH 12.0. The pH of the resulting endoxylanase fractions was adjusted immediately to 5.0 with an acetic acid solution (1.0 M), and buffer-exchanged using a PD10 column (Amersham Pharmacia Biotech, Belgium) into a 20 mM sodium citrate buffer, pH 4.0, yielding 3.5 ml of purified preparation (1.36 mg/ml). A double protein band was observed by SDS PAGE stained with Coomassie Brillant Blue (Fig. 2) . Its apparent molecular weight was about 25 kDa, a little higher than the predicted value of 19.1 kDa deduced from the amino acid sequence. Structural analyses were carried out by mass spectrometry to identify these upper and lower proteins. All the proteins were xylanases, but the variations in molecular weight might have been the result of glycosylation performed in P. pastoris.
The purified XYL1p showed a bell-shaped optimum pH curve with maximum activity at 3.2. The optimum temperature was determined to be about 56 C. The Michaelis-Menten constants were determined using the non-linear regression software SAS enterprise guide. The Km value of 14:8 AE 2:4 mg/ml was a little higher than that of other family 11 fungal xylanases.
17) The V max of 270:4 AE 18:8 mmol/min/mg was similar to that of A. capsulatum, 20) but lower than that of other fungal xylanases. 21) In the future we will investigate the use of this xylanase in pulp bleaching in acidic conditions.
